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Remarks 

Applicants appreciate the Examiner's withdrawal of the rejection of claims 36-41, 66, 88, 
and 92 under 35 U.S.C. § 102(a) and the rejections of claims 36, 38-41, 66, 88, and 92 under 35 
U.S.C. § 103(a). 

The Amendments to the Claims 

Independent claims 66, 88, and 92 as amended recite that the live P. haemolytica 
bacterium "when in a physiological environment" expresses the recited mutant leukotoxin 
molecule. This amendment is supported inter alia on page 13, lines 4-6: "A new protein of 
approximately 65 kDa was detected in the culture supernatant of this mutant by SDS-PAGE, 
consistent with the predicted molecular weight of the deleted product." 

New dependent claims 96-100 recite that the live bacterium is lyophilized (claims 96, 98, 
and 100) or reconstituted from a lyophilized preparation (claims 97, 99, and 101). These 
dependent claims are supported on page 4, lines 14-15: "The bacteria in the vaccine formulation 
can be live, lyophilized, lyophilized and reconstituted, or killed." 

Independent claims 81, 91, and 95 have been amended to recite "a vaccine formulation" 
that comprises "at least two sources of a form of a leukotoxin molecule, wherein a first source is 
a killed P. haemolytica bacterium, wherein a live form of the killed bacterium (a) expresses no 
biologically active leukotoxin, (b) expresses a form of leukotoxin molecule which is a deletion 
mutant of about 66 kDa which lacks amino acids 34 to 378 and which induces antibodies which 
specifically bind to and neutralize biologically active leukotoxin, and (c) contains no non-P. 
haemolytica DNA, and wherein a second source comprises the leukotoxin molecule expressed by 
the live form of the killed bacterium ." New dependent claims 102-104 recite that the second 
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source of the form of a leukotoxin molecule is selected from the group consisting of purified 
protein, a bacterial lysate, a bacterial extract, and a culture supernatant. 

The amendment and the new claims are supported on page 4, lines 15-17: "Moreover, 
bacterial lysates, extracts or culture supernatants which contain the LtkA deletion protein can be 
used in the vaccine formulation. Purified protein can also be used, if desired." 

Applicants have more claims (claims 67-80, 89, 90, 93, and 94) than those added by this 
amendment. The new claims and amendments were not presented previously because 
Applicants believed the arguments in the last response were sufficient to overcome the rejection. 
The amendments do not recite new subject matter and do not require a new search. The new 
dependent claims recite subject matter previously recited in canceled independent claims. The 
new dependent claims clarify the claimed subject matter by indicating that "lyophilized" bacteria 
and bacteria "reconstituted from a lyophilized preparation" are species of "live" bacteria. The 
amendments also present the claims in better form for appeal. 

Applicants respectfully request entry of the amendments and the new dependent claims. 

The Obviousness-Type Double Patenting Rejections of Claims 36-41 and 66-95 

Claims 36-41 and 66-95 stand rejected under the judicially created doctrine of 

obviousness-type double patenting over claims 1-9 of U.S. Patent 6,495,145 and claims 22-29 of 

co-pending application Serial No. 09/736,169. 

Claims 67-80, 89, 90, 93, and 94 have been canceled. To expedite prosecution of the 

remaining claims, a Terminal Disclaimer under 37 C.F.R. § 1.321 over claims 1-9 of U.S. Patent 

6,495,145 accompanies this response. Serial No. 09/736,169 is abandoned; a non-final rejection 
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to which Applicants did not respond was mailed in that application on December 4, 2002. Thus, 
no terminal disclaimer over Serial No. 09/736,169 is needed. 

Applicants respectfully request withdrawal of the rejection. 

The Rejection of Claims 66-95 Under 35 U.S. C. § 1 12, second paragraph 

Claims 66-95 stand rejected under 35 U.S.C. § 112, second paragraph, as indefinite. 

Claims 67-80, 89, 90, 93, and 94 have been canceled. Applicants respectfully traverse the 

rejection of claims 66, 81-88, 91, 92, and 95. 

The second paragraph of 35 U.S.C. § 112 states that: 

The specification shall conclude with one or more claims 
particularly pointing out and distinctly claiming the subject matter 
which the applicant regards as his invention. 

It is well settled that a claim must "reasonably apprise those skilled in the art both of the 

utilization and scope of the invention." Georgia-Pacific Corp. v. United States Plywood Corp., 

258 F.2d 124, 134-38, 118 U.S.P.Q. 122, 130 (2d Cir. 1958), cert, denied, 358 U.S. 884 (1958). 

Claims 66, 81-88, 91, 92, and 95 meet this standard. 

The Final Office Action asserts that claims 81-87, 91, and 95 are be vague and indefinite 

because claim 81 recites that a killed bacterium is administered to the ruminant. The Final 

Office Action requests clarification of how a vaccine preparation comprising the recited killed 

bacterium differs from a vaccine preparation comprising a killed wild-type P. haemolytica. 

Independent claims 81, 91, and 95 have been amended to recite a vaccine formulation that 

contains the mutant leukotoxin protein as well as the killed bacterium. Thus, at least one 

difference between the claimed vaccine formulation and a vaccine formulation comprising a 
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killed wild-type P. haemolytica is that the claimed vaccine formulation contains the mutant 
leukotoxin protein. 

The Final Office Action asserts that claims 67-80, 90, 93, and 94 are vague and indefinite 
because "it is unclear what is meant by administering a 'lyophilized' . . . versus a 'lyophilized 
and reconstituted' ... P. haemolytica vaccine." Final Office Action at page 3, first full 
paragraph. Claims 67-80, 90, 93, and 94 have been canceled. Similar subject matter, however, 
is recited in new dependent claims 96-101. New dependent claims 96, 98, and 100 recite that the 
live bacterium of claim 66 is lyophilized. New dependent claims 97, 99, and 101 recite that the 
live bacterium of claim 66 is "reconstituted from a lyophilized preparation." 

The term "lyophilized" is well known in the art and means "freeze-dried." 
Lyophilization is a common method of preserving a live bacterial vaccine until it is administered. 
See, e.g., the abstract of Confer et aL, Am. J. Vet. Res. 47, 1853-57, 1986 (Attachment 1). Those 
skilled in the art understand that a live bacterium reconstituted from a lyophilized preparation 
means that the recited live bacterium was lyophilized but has now been placed in a suitable 
liquid medium in which the live bacterium can function. Id.: "Lyophilized P. haemolytica was 
reconstituted and used as a live vaccine in 3 experiments." 

The Final Office Action requests clarification of how a lyophilized bacterium "would not 
degrade while sitting on animal feed." The Final Office Action also states it is unclear "how a 
dry powder of a lyophilized bacterium would allow for the active ingredient, the modified 
leukotoxin, to be expressed in the ruminant." Office Action at page 3, first full paragraph. 

First, whether some amount of dry lyophilized bacteria "degrade while sitting on animal 
feed" is not relevant to whether or not the claims are definite because the claims recite no time 
period during which the recited bacteria must not degrade. Second, bacteria in lyophilized 
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preparations are still "live." Lyophilized live bacteria administered dry, for example as top- 
dressing on feed, become reconstituted in the animal. When the dry, lyophilized bacteria come 
in contact with a moist environment in a ruminant (e.g., an oral, pharyngeal, or nasal surface), it 
will become wet and reconstituted. The reconstituted bacteria can multiply on the host mucosa 
and can express the mutant leukotoxin. See paragraphs 22 and 23 of the accompanying 
declaration of Dr. Briggs, which describes a field trial in which lyophilized bacteria were top- 
dressed on feed. Administration of dry lyophilized live bacteria in this manner "dramatically 
reduced nasal colonization by virulent M. haemolytica serotype 1 (p < 0.001)." Paragraph 23 of 
the declaration. Thus, dry lyophilized live bacteria do allow for the active ingredient, the 
modified leukotoxin, to be expressed in the ruminant. 

The Final Office Action asserts that claims 74, 90, and 94 are vague and indefinite 
because these claims recite that the bacterium is reconstituted prior to administration. Claims 74, 
90, and 94 have been canceled; however, similar subject matter is recited in new dependent 
claims 97, 99, and 101. As explained above, "reconstituted" simply means that the lyophilized 
bacteria are placed into a suitable liquid before being administered to a ruminant. As the Final 
Office Action notes, the claims encompass reconstirution in adjuvant as well as reconstitution in 
growth medium. 

The Final Office Action also questions how administration of a lyophilized and 
reconstituted bacterium differs from administration of a lyophilized bacterium. A lyophilized 
bacterium is a dry, freeze-dried bacterium; a reconstituted bacterium is wet (i.e., is in a liquid). 
See Confer et al. (Attachment 1). 
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Claims 66, 81-88, 91, 92, 95, and new dependent claims 96-101 are clear and definite 
because they reasonably convey to one skilled in the art what the invention is. Applicants 
respectfully request withdrawal of the rejection. 

The Rejection of Claims 67-87. 89-91. and 93-95 Under 35 U.S.C. § 1 12. first paragraph 

Claims 67-87, 89-91, and 93-95 stand rejected under 35 U.S.C. § 1 12, first paragraph, as 
not enabled. Claims 67-80, 89, 90, 93, and 94 have been canceled. Applicants respectfully 
traverse the rejection of claims 81-87, 91, and 95. 

The Final Office Action acknowledges that claims to methods of inducing immunity 
using live forms of the bacterium recited in claim 66, as well as claims to vaccines and feeds 
comprising the bacterium, are enabled. Yet the Office Action questions the enablement of 
similar claims (now canceled but replaced with claims with the same recitations) that recite 
lyophilized, lyophilized and reconstituted, or killed bacteria. 

Use of lvophilized bacteria or lvophilized and reconstituted bacteria 
The pending claims have been amended to clarify that lyophilized bacteria and bacteria 
reconstituted from lyophilized preparations are species of live bacteria. The accompanying 
declaration of Dr. Robert Briggs describes four field trials in which both types of vaccines 
(containing dry, lyophilized bacteria and containing bacteria reconstituted from a lyophilized 
preparation) were administered to ruminants and proved effective in inducing immunity to 
pneumonic pasteurellosis. In each trial, the bacterial strain in the vaccines was D153AlktA34- 
378; these are P. haemolytica that do not express a biologically active leukotoxin, express a 
mutant leukotoxin protein that lacks amino acids 34-378, and contain no non-P. haemolytica 
DNA. The collective results of the four trials demonstrates that such bacteria, whether 
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administered dry or reconstituted, induce immunity to pneumonic pasteurellosis as measured by 
reduced mortality, increased serum antibody titers against P. haemolytica, or reduced nasal 
colonization by P. haemolytica. 1 

Paragraphs 4-7 and 11-21 of the declaration describe two field trials in which bacteria 
reconstituted from a lyophilized preparation were top-dressed on feed. In one trial, the calves to 
which the bacteria were administered gained weight and had reduced mortality (4% of the 
population vs 16% of the unvaccinated population) from M. haemolytica infection. See 
paragraphs 4-7 of the declaration. In another trial, the calves to which the bacteria were 
administered had increased serum antibody titers against M. haemolytica and increased weight 
gain when compared with unvaccinated animals. See paragraphs 1 1-21 of the declaration. 

Paragraphs 8-10 of the declaration describe a field trial in which bacteria reconstituted 
from a lyophilized preparation were administered intranasally. The calves to which the bacteria 
were administered had increased serum antibody titers against M. haemolytica and increased 
weight gain when compared with unvaccinated calves. 

Paragraphs 22 and 23 of the declaration describe a field trial in which lyophilized bacteria 
were top-dressed on feed and administered to calves. Administration of dry lyophilized live 
bacteria in this manner "dramatically reduced nasal colonization by virulent M. haemolytica 
serotype 1 (p < 0.001)." Paragraph 23 of the declaration. 

The results of the trials described in Dr. Briggs' declaration demonstrate that vaccines 
containing lyophilized live bacteria and reconstituted, previously lyophilized live bacteria work 
as described in the specification. 

1 Since this application was filed, P. haemolytica has been renamed "Mannheimia haemolytica." 
The declaration uses the new terminology. 
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Use of vaccine formulations containing killed bacteria 

Independent claims 81, 91, and 95 as amended to recite a vaccine formulation that 
comprises at least two sources of a form of a leukotoxin molecule. The first source is a killed P. 
haemolytica bacterium, wherein a live form of the killed bacterium (a) expresses no biologically 
active leukotoxin, (b) expresses a form of leukotoxin molecule which is a deletion mutant of 
about 66 kDa which lacks amino acids 34 to 378 and which induces antibodies which 
specifically bind to and neutralize biologically active leukotoxin, and (c) contains no non-P. 
haemolytica DNA. The second source comprises the leukotoxin molecule expressed by the live 
form of the killed bacterium. The claimed vaccine preparation contains an active agent (the 
leukotoxin deletion mutant protein) that the specification teaches is useful as a vaccine. 
Specification at page 3, line 15 to page 4, line 31. 

Vaccine preparations containing a killed bacterium (bacterin) and an inactivated protein 
toxin (toxoid) for inducing immunity against P. haemolytica were well known in the art at the 
priority date of this application (September 25, 1997). See Srinand et ai, Vet. Microbiol 49, 
181-95, 1996 (Attachment 2); and Confer, Vet. Microbiol. 37, 353-68, 1993 (Attachment 3). 
Thus, those of skill in the art at that time knew how to make and use such preparations to induce 
immunity against P. haemolytica. In fact, such bacterin-toxoid preparations are still 
commercially available (e.g., "One Shot," referred to in Srinand et al., above). 
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The specification, together with the skill in the art at the priority date of this application, 

enables making and using vaccines containing the recited live, lyophilized live, and reconstituted 

lyophilized live bacteria, as well as vaccines containing the recited killed bacteria and leukotoxin 

mutant protein. Applicants respectfully request withdrawal of the rejection. 

Respectfully submitted, 
BANNER & WITCOFF, LTD. 

Date: March 22, 2004 By: 

Lisa M. Hemmendinger 
Registration No. 42,653 

Customer No. 22907 
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Immunologic response and resistance to experimentally 
induced pneumonic pasteurellosis in cattle vaccinated 
with various dosages of lyophilized Pasteurella haemolytica 

A. W. Confer, DVM, PhD; R. J. Panciera, DVM, PhD; M. J. Gentry, PhD; R. W. Fulton, DVM, PhD 



SUMMARY 

Pasteurella haemolytica was lyophilized in an enriched 
soybean poly peptone broth. Lyophilization in this me- 
dium resulted in a mean 10-fold loss in P haemolytica 
viability, as opposed to up to a 10*-f61d loss in viability 
when other media were used. Lyophilized P haemolytica 
was reconstituted and used as a live vaccine in 3 exper- 
iments. Calves were challenge exposed by transthoracic 
injection with virulent P haemolytica. In experiment 1, 2 
subcutaneous injections (7-day interval between injec- 
tions) with 5 ml of recently harvested (1 x 10* colony- 
forming units [CFU]/ml) or lyophilized (1 x 10* CFU/ml) 
P haemolytica significantly (P < 0.001) enhanced resis- 
tance against challenge exposure, compared with resis- 
tance in calves given saline solution or sterile medium 
(control calves) or calves vaccinated with lyophilized or- 
ganisms at a concentration of 1 x 10 6 CFU/ml In exper- 
iment two, 1, 2, or 5 ml of lyophilized P haemolytica (1 
x 10* CFU/ml) significantly (P < 0.05) enhanced resis- 
tance, compared with resistance in calves given saline 
solution (control calves). In experiment three, 1 or 2 in- 
jections of lyophilized P haemolytica significantly (P < 
0.01) enhanced resistance against challenge exposure, 
compared with that of calves given saline solution. The 
mean lesion score for calves given 1 injection was not 
significantly higher than the mean lesion score for the 
group given 2 injections. Vaccination with lyophilized P 
haemolytica vaccine caused significant (P < 0.05) in- 
creases in serum antibody to P haemolytica somatic an- 
tigens, to a carbohydrate-protein subunit of the organism, 
and to leuko toxin. 



Bovine pneumonic pasteurellosis (shipping fever) is a 
severe fibrinous pneumonia of feedlot cattle. 1 Pasteurella 
haemolytica biotype A serotype 1 and, to a lesser extent, 
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P multocida type 3 are important in the development of 
the disease. 9 

Live P haemolytica vaccines can protect calves against 
experimentally induced and possibly naturally acquired 
pneumonic pasteurellosis. 8 - 10 Such vaccines contain or- 
ganisms that have been lyophilized or recently harvested 
from bacteriologic cultures. Recently harvested P hae- 
molytica has been administered via aerosol, subcuta- 
neous, or intradermal routes.** 9 Lyophilized P haemolytica 
vaccines consist of chemically altered, streptomycin-de- 
pendent, or modified-live organisms and have been given 
intradermally or im.*-***- 10 

The antibody response of calves to P haemolytica so- 
matic antigens or to a carbohydrate-protein subunit (CPS) 
antigen of the organism (separated from a saline solution 
extract) and the leukotoxin neutralization (ln) response 
of calves after vaccination with recently harvested P hae- 
molytica cultures have been characterized, and high an- 
tibody responses to CPS or leukotoxin have correlated with 
resistance to challenge exposure. 4 * 9 - 11 - 12 

Purposes of the present study were to evaluate the dos- 
age-related reactions to a lyophilized P haemolytica vac- 
cine, both systematically and at the injection site, 
resistance to intrapulmonic challenge exposure, and an- 
tibody response in calves, and to determine the effects of 
various lyophilization procedures on the viability of P 
haemolytica. 

Materials and Methods 

Calves — Sixty-four weaned beef calves, 7 to 9 months old, were 
obtained from a closed herd and transported to holding pens. 
Husbandry of the calves was as previously reported." 

Pasteurella haemolytica— Pasteurella haemolytica biotype A 
serotype 1 was isolated originally from the trachea of a feedlot 
calf and was grown on supplemented brain-heart infusion (nm) 
agar for 24 hours at 37 C in a 5% CO, environment, as previ- 
ously described 14 Cultures were harvested in phosphate-buff- 
ered saline solution (prss; O.OlAf, pH 7.4) at an approximate 
concentration of 1 x 10* colony-forming units (CFU)/ml, as de- 
termined photometrically. Actual cttj per milliliter were de- 
termined for each culture, using a spot plat^nxjunting technique-. 14 

Lyophilized vaccine — Lyophilization medium was prepared by 
adding 14.8 g of bhi,' 2 g of casamino acids/ and 2 g of NaCl 

• Difbo Laboratories, Detroit, Mich. 
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to 280 ml of distilled H 2 0. The medium was heated to 60 C and 
20 ml of a 20% yeast hydrolyaate solution," 40 ml of fetal bovine 
serum (previously heat inactivated at 56 C for 30 min), 20 ml 
of a 10% bovine bemin* solution, 40 ml of 10% soybean poly- 
peptone solution* 1 and 80 g of dextrose was added to the medium, 
then the medium was autoclaved." Henceforth, the medium 
will be referred to as polypeptone lyophilization medium (plm). 

The lyophilized vaccine was made by suspending P haemo- 
lytica (harvested after 24 hours growth on BHI infusion agar) in 
plm (volume: volume - 1) at a concentration of approximately 
0.9 to 3.0 x 10® CFu/ml The suspension was shell frozen over 
cold alcohol and lyophilized. After lyophilization and storage at 
-20 C, several viale were reconstituted with distilled H t O. The 
number of viable P haemolytica were determined periodically 
for 24 hours, using reconstituted lyophilized cultures kept at 4 
C or 25 C. The viability of cultures before and after lyophili- 
zation were compared with cultures prepared in sterile skim 
milk, bovine serum albumin (bsa; 5%, 10%, 20%, and 35%) in 
pbss, dextrose (10% and 20%) in fuss, and combinations of BSA 
(10% and 20%) and dextrose (10% and 20%) in pbss." 5 - 17 

Experimental design — Three experiments (1, 2, and 3) were 
conducted. All vaccinations were given subcutaneous^ in the 
caudal cervical region. In each experiment, 2 to 4 calves were 
vaccinated (day 0) with 5 ml of a suspension of live P haemo- 
lytica that had been recently harvested from bhi agar plates 
within 1 to 2 hours before injection. 0 The experiments used 2 
different lots of lyophilized vaccine that had been stored for 1 
to 5 months before use. After initial vaccination (day 21), calves 
were transthoractcally inoculated (challenge exposed) with 5 ml 
of a suspension of P haemolytica (concentration was from 0.9 to 
4.5 x 10 9 CFU/ml) into each caudal lung lobe, as previously 
described. 11 Four days after inoculation, all calves were slaugh- 
tered and lung lesions were evaluated by use of a lesion-scoring 
technique. 9 Scores of 0 to 20 were based on size and spread of 
lesions, with higher scores indicating the more severe lesions. 

Rectal temperatures wore determined on days 0 through 10 
and days 21 through 24 of each experiment. Vaccination sites 
were examined on days 0 through 10 and on day 21. Blood 
samples were collected on days 0 and 21. 

Experiment 1 — To compare the protection provided calves by 
2 different concentrations of lyophilized P haemolytica cultures 
given on days 0 and 7, 4 calves were vaccinated with pbss (group 
1), 4 calves were vaccinated with sterile plm (group 2), and 4 
calves were vaccinated with a recently harvested P haemolytica 
culture (1 x 10' CFU/ml; group 3). Calves in groups 4 and 5 (6 
calves/group) were vaccinated with reconstituted lyophilized P 
haemolytica st concentrations of t X 10" cun/ml (group 4) or 1 
x 10 - CPU/ml (group 5). On day 10, group 1 and group 2 calves 
(control calves) were skin tested for a delayed-type hypersen- 
sitivity to the soybean polypeptone solution; 1 ng to 100 ng of 
the polypeptone was injected intradermally. Each calf was chal- 
lenge exposed with P haemolytica at 0.9 x 10* CFU/ml. Serum 
samples collected from group 2 calves on days 0 and 21, were 
evaluated for antibody against the polypeptone and yeast hy- 
drolysate by use of an enzymc-linkcd immunosorbent assay 
(elisa), similar to that described previously." Plates were coated 
with polypeptone or yeast hydrolysate at a concentration of 100 
pg/ml (dry weight). Serum samples were diluted 1:100 in the 
assay. 

Experiment 2— To compare 3 different volumes of a single 
concentration of lyophilized vaccine given on days 0 and 7, S 
calves were vaccinated with pbss (group 6) and 3 calves were 
vaccinated with 5 ml of a recently harvested P haemolytica cul- 
ture (1 x 10° CPU/ml; group 7). Fifteen calves were allotted 

* ICN Biomedical* Inc. Cl«veJand, Ohio. 

* 3ignu Chemical Co, St Louis, Mo. 
4 Daigo Brand, Japan. 



among 3 groups (S calves/group) and vaccinated with 5 ml (group 
8), 2 ml (group 9), or 1 ml (group 10) of lyophilized vaccine (1 
x 10" CFU/ml). Each calf was challenge exposed with P hae- 
molytica at a concentration of 4.5 x 10 s CPU/ml. 

Experiment 3 — To compare the efficacy of 1 or 2 injections of 
2 ml of lyophilized vaccine (1 x 10* CFu/ml), 5 calves were 
vaccinated with pbss (group 11) and 2 calves were vaccinated 
with recently harvested P haemolytica (1 x 10" CPU/ml; group 
12). Five calves (group 13) were vaccinated on days 0 and 7 and 
5 calves (group 14) were vaccinated on day 0 with lyophilized 
vaccine. Each calf was challenge exposed with P haemolytica at 
a concentration of 1.0 x 10° CFU/ml. 

Serologic evaluation — Scrum samples were evaluated for an- 
tibodies against P haemolytica somatic antigens, using a quan- 
titative fluorometric immunoassay (ftax)."-- Antigen for the 
fiax was a formalin-killed P haemolytica serotype 1 from a 22- 
hour culture. Titer equivalents were calculated for each sample 
by comparison with a standard curve constructed by use of sera 
of known end-point titers. 

Serum LN titers against P haemolytica were determined by 
use of a visual micro titer neutralization assay. 90 Titers were 
expressed as the reciprocal of the last serum dilution that neu- 
tralized leukotoxin. 

The serum antibody response to a high molecular weight (> 
200 kilodaltons) ere separated from a saline solution extract of 
P haemolytica was determined by use of an elisa." Antibody 
responses were expressed as the absorbance at 400 nm (A^o) for 
unknown sera (1:250 dilution in pbss with 1% bsa) minus the 
A^o for PBSS-BSA controls. 

Statistical analyses — Differences in mean antibody responses 
and lesion scores were analyzed by use of a Student's t test. 21 
Antibody titers were compared with lesion scores by use of lin- 
ear regression analysis. 

Results 

Lyophilization— Lyophilization of P haemolytica in plm 
resulted in a mean 10-fold decrease in CFU/ml. Cultures 
lyophilized in skim milk had a similar decrease in CPU 
per milliliter, whereas cultures lyophilized in PBSS con- 
taining BSA (5% to 35%), dextrose (5 to 20%), or bsa- 
dextrose combinations had a mean lOMbid decrease in 
cm/ml. 

Viability counts tor P haemolytica from reconstituted 
plm kept at 4 C were similar at the time of reconstitution 
(mean = 2.8 x 10* CFu/ml) and 24 hours after reconsti- 
tution (mean = 3.6 x 10 s CPU/ml). Maintenance of re- 
constituted vaccines at room temperature (25 C) did not 
result in loss in viability between the time of reconsti- 
tution (mean — 1.3 x 10 s CPU/ml) and 8 hours after re- 
constitution (mean - 1.3 x 10 8 CFU/ml). However, frequent 
sampling from vials resulted in bacterial contamination, 
such that viability counts could not be determined on the 
24-hour samples. 

Clinical signs after vaccination — Vaccination with re- 
cently harvested or lyophilized P haemolytica often re- 
sulted in soft swellings, 4 to 8 cm in diameter, at the first 
injection site. Local reactions usually were not detectable 
at the site of the 2nd injection. Rectal temperatures in- 
creased 1 to 2.5 C for up to 72 hours after the 1st vacci- 
nation, but usually remained normal after the 2nd 
vaccination. In experiment one, 2 calves had a transient 

• Intamaftcnul Diagnostic Technology lac, Santa Clara, Calif. 
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thoracic limb lameness, with mild subcutaneous edema 
after the 1st vaccination with the lyophilized vaccine (1 
x 10 s CFU/ml). A delayed-type hypersensitivity response 
to the soybean polypeptone was not detected. The mean 
( ± sd) antibody response to polypeptone was 0.06 ± 0.01 
on day 0 and was 0.07 ± 0.01 on day 21. The mean an- 
tibody response to yeast hydrolysate was 0.09 ± 0.02 on 
day 0 and was 0.11 ± 0.03 on day 21. 

Experiment I— A significant difference was not found 
between mean lesion scores for calves in groups 1 and 2 
(FBSs and medium controls; Table 1). Mean lesion scores 
tor calves in group 3(1 X 10* CPU/ml, recently harvested) 
and group 4 (10* CFU/ml, lyophilized) were significantly 
CP < 0.001) less than the mean lesion scores for calves in 
groups \, 2, and 5 (1 x 10« CFU/ml, lyophilized). 

Vaccination with live P haemolytica (groups 3, 4. and 
5) resulted in a significant (P < 0.01) increase in antibody 
responses to somatic antigens (fiax) and to the CPS (eusa) 
*5 L ^ titers > A^o values, and fiax titers were signif- 
icantly (P < 0.01) higher on day 21 for calves in groups 
nV»\ i for ^"P* 1 2. A significant (P < 
u.u^ correlation was found between lesion scores and an- 
tibody responses, determined by use of all 3 techniques 
(r -0.534 to -0.571). H 

Experiment 2— All group 6 (rasa control) calves died 
within 24 hours after challenge exposure, due to severe 
pneumonia and P haemolytica septicemia. One group 8 
calf and 1 group 10 calf also died within 72 hours after 
challenge exposure. Each vaccination dosage enhanced 
resistance of calves against challenge exposure. Mean le- 
sion scores for calves in groups 7 (5 x 10* cfu, recently 
harvested) 8 (5 x 10* cfu, lyophilized), 9 (2 x 10* cfu, 
lyouhikzed) and 10 (1 x 10« cfu, lyophilized) were sig- 
nificantly (P < 0.05) lower than for calves in group 6. 
Mean LN titers were significantly CP < 0.05) higher for 
calves in groups 7, 8, and 9 than for calves in groups 6 
and 10. A significant (P < 0.01) correlation was found 



between lesion scores and antibody titers, as determined 
by use of all 3 assays (r = -0.566 to -0.709). 

Experiment 5— Two injections (days 0 and 7, group 13) 
of cfu of lyophilized vaccine (2 x 10 s cfu) resulted in a 
lower mean lesion score than did 1 injection (day 0, group 
14; Table 1); however, this difference was not significant. 
The mean lesion scores for calves in groups 13 and 14 
were significantly lower (P < 0.01) than were scores for 
calves in group 11 (PBSS control). 

Mean ln titers were significantly CP < 0.05) greater 
for calves in groups 13 and 14 than for calves in group 
11 Mean antibody responses (fiax and etjsa) were sig- 
nificantly (P < 0.05) greater for calves in group 13 than 
for calves in groups 11 and 14. High antibody titers (as 
determined by all 3 assays) significantly (P < 0.05) cor- 
related with low lesion scores (r = -0.509 to - 0.624). 

Discussion 

Results of the present study indicate that calves vac 
cinated with previously lyophilized and reconstituted live 
P haemolytica were protected against transthoracic chal- 
lenge exposure with P haemolytica. A dosage of 1 x 10 6 
to 5 x 10* cfu of lyophilized organisms given subcuta- 
neously, twice at a 7-day interval, enhanced resistance 
similar to 5 x 10* cfu of recently harvested P haemo- 
lytica, ax i seen in the present study and in previous stud- 
ies. 4 * 11 - 18 ™ vaccinations (5 x 10« cfu) did not enhance 
resistance. Vaccination of calves once with 2 x 10« CFU 
of P haemolytica elicited a protective immunity similar 
to that elicited by 2 doses. Generally, the antibody re- 
sponse (FIAX and EUSA) was not as marked in calves given 
1 dose as in calves given 2 doses. However, ln titers were 
comparable for both groups. The mean LN titer on day 0 
was slightly higher in calves given 1 dose than in calves 
given 2 doses; therefore, the higher mean response in calves 
given 1 dose may have been due to an anamnestic re- 
sponse in several calves. 



TABLE I— Lesion 
jguu), or jjyg of 



scores and antibody response of 
lyophilized PastetwBa haemolytica 



Quantitative 
fluoromittnc 



Antibody 



± so) 



Experiment 
No. 



Group 

No. 



Veccine 



1 PBSS 

2 FLU 

All Control* (groups 1 and 2) 

3 Live! 

4. Lyophiltred (5mJ)** 
5 Lyouhilittd (5ml)tt 



35* 



6 
7 
8 
9 

10 . 

11 
12 
13 
14 



Livel 

Lyophilized <5ml)** 
Lyophifiwd (2ml)** 
Lyophilized (1mlr* 

raw 
Livel 

Lyophilized (2 dos*s)(| . 
Lyoghgtad (l dese)! 





Lesion 


No of 


score 


Cftlret 


(mean* a sd) 


4 


12J±4.4 


4 


. 14.0*3.7 


S 


18.1 ±4.2 


4 


3.5*1.5 


6 


3.6s 1.7 


6 


11.7-7.3 


5 


20.0*0.0 


3 


5.0 a 3.0 


5 


9.3*6.6 


5 


6.2*4.7 


5 


8.0*6.9 


5 


14.1*6.1 


2 


4.8*1.8 


5 


3.0 ±15 


5 


5j0*3.2 



[romgtfc anflgentt 
Day Qj D ay 21 



BUM 

(carbohydrate-protein 
rofeunittt 



Leuko toxin 
oautraliiationt 



0.7*1.9 
09*1.4 
0 8*0.5 
03*2.1 
0.7* 2 & 
0.7x4.2 

1Bj0*2.1 
35.5*1.9 
6.5*4,5 
2.5*4.0 
22.8*1.9 



16.1*1.8 
11.7*1.9 
135*1.7 

146.2 3=1.6 

163.3 ±1 3 
J63.9*l.l 

23.B±1.5 
152.9*1.4 
121.6*1.4 
119.0 ±2.0 
137.2*1.9 



DayO Day 21 Day 0 Day21 



0.18*0.02 
0.18*0.02 
0.16*0.02 
0.26*0.04 
0.22*0.03 
0.23*0.03 

(J.Z5 ± 0.06 
0 28*0.13 
0.23*004 
0.25 ±0.06 
0.27*0.02 



0.19x0.02 
0.27=0.07 
0.23*0.06 
0.77*0.16 
0.63 ±0.02 
0.58 ±0.07 

0,32*010 
0.68 ±0.30 
0.63*0.08 
0.67*0.08 
0.71*0.16 



NO 

m 
m 
pro 

ND 
ND 

ND 
ND 
NT) 
ND 
KD 



4.8*1.8 
5.4*2.1 
5.4*2.1 
45.3*1,8 
71.8* 1.9 
35.9*1.3 

4.0*2.7 
79.4*1.4 
.41.7*2.8 
20.9*2.0 
18.2*2.8 



6.9*2.9 31.2* IS 0.29*0.02 0.46*0.16 10.0*11.2 6.9*17 

10.0-1.9 148-3*1.2 0.37*0.22 0.99*056 &0.0±12.0 64.0*0.0 

3.0*3.6 86.8*1.4 0.24*0.05 0.69*0.14 6.4* 5.3 27.5*20 

_L6*2.8 56.8 * 2.3 0.24*0.07 0.53 *0.23 10.0*11.2 205*2.0 



* Arithmetic mean; f Ge 
culture 



--Jiatric mean titer- 1 M 1- '^-""f u.ooxo.x* aO^*a.Q 

rre (8 ml; 1 x IV cnlony-fomring unit, IcwvX^TfXJli^nT I ^t* *^^ V S£ mL *? Di 1 ***** rf y,tuxim concentration: t Removed ftmn freah 
a x lO'cnTrnJ). -""™»« «u« icruvml}, I k Mr cnVml; tt 1 x 1 0° CFU/ml; |i Effect of vaccine volume; |f Effect of 1 or 2 duees 1 Two mUttlitera/' 

tio » not dons;-SJSA « en^ynie>linked iinsnuMaorbent lusay. 
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The lyophilization procedure used in the present study 
protected the organiams during freeze drying, as did skim 
milk. Other lyophilization media containing only BSA, 
dextrose, or both did not protect the organism, as deter- 
mined by marked reduction in CFU after lyophilization. 
We decided that skim milk would not be a good medium 
for vaccine production because heifers or cows vaccinated 
with such a vaccine potentially might develop a milk al- 
lergy at the time of lactation. 22 The PLM was used because 
it provided excellent growth for P haemolytica in vitro 
and therefore, potentially could induce limited m vivo 
replication at the injection site. 23 As determined by use 
of the elisa, neither polypeptone nor yeast hydrolyeate 
was markedly antigenic. The medium-vaccinated (group 
2) calves did not develop a delayed-type hypersensitivity 
response to the polypeptone. Furthermore, a significant 
immunoglobulin (Ig)G class antibody response (P > 0.05) 
was not detected against polypeptone or yeast hydroly 
sate. This does not exclude the possibility that an IgE- 
type hypersensitivity may develop after immunization with 
a vaccine containing plm. 

Results of the present study corroborate previous find- 
ings in calves vaccinated with pbss and with live P kae- 
molytica. 9 ' 11 ' 12 In previous studies 8111 " and in the present 
study, high serum antibody titers against formalin-killed 
p haemolytica and CPS and high LN titers correlated with 
resistance to transthoracic challenge exposure with P 
haemolytica. However, when data from calves vaccinated 
with pbss, bacterin with added adjuvant (aluminum hy- 
droxide), and live P haemolytica were analyzed collec- 
tively, high antibody to cps, and high LN neutralizing 
titers correlated with resistance, whereas high antibody 
titers against formalin-killed bacteria did not correlate 
with resistance. 411,18 Calves protected against experimen- 
tal pneumonic pasteurellosis by use of P haemolytica bac- 
terins with added oil adjuvants did not develop significant 
increases in ln antibody, but did have high serum anti- 
body titers against CPS and formalin-killed bacteria. 58 * 
Therefore, LN antibody, although potentially protective 
against pneumonic pasteurellosis, may not be the only 
mechanism of immune-mediated resistance, because an- 
tibodies against protein or carbohydrate antigens within 
the CPS also may be protective. 

Resistance against bovine pneumonic pasteurellosis has 
been enhanced by use of several different lyophilized live 
P haemolytica vaccines. 8 - 7 9 * 10 A modified-live P haemo- 
lytica vaccine (4.5 x 10 8 cfu) given once intradermally 
in beef and dairy calves 10 - 25 induced a significant increase 
(P < 0.05) in mean serum antibody titer against P hae- 
molytica somatic antigens 14 days after vaccination; how- 
ever, 30.4% of vaccinated calves did not develop a 
detectable serum antibody response to formalin-killed 
bacteria. 25 Kucera et al 8 found that IM injection of 3 x 
10 9 CFU of a chemically altered organism protected calves 
against challenge exposure with o bovine herpesvirus- 1 
and P haemolytica, whereas lower vaccine doses induced 
less resistance against challenge exposure. However, an- 
tibody response against P haemolytica after vaccination 
was not determined in that study. Catt et al 8 found that 
2 CM injections (at 14-day intervals) of 4 x 10 s CFU of a 
streptomycin-dependent P haemolytica mutant in com- 
bination with 1 x 10* cfu of mutant P multocida induced 
enhanced resistance to challenge exposure with bovine 
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herpesvirus- 1, P haemolytica, and P multocida and de- 
tected a significant increase in serum antibody titer against 
P haemolytica by use of indirect bacterial agglutination. 

Wilkie 28 has postulated that high LN antibodies provide 
protection against pneumonic pasteurellosis. The ability 
of chemically altered or atreptomycin-dependent strains 
of P haemolytica to produce leukotoxin is not known. 
StreiJtomycm-dependent bacteria may grow only to a lim- | 
ited extent in vivo because of only a small amount of 
residual streptomycin in the vaccine. 3 ' 8 Because leuko- 
toxin is the product of actively growing P haemolytica, 
the streptomyem-dependent mutant vaccine may not in- 
duce ln antibody titers. 1 " Therefore, more studies are 
needed in which calves are vaccinated with purified an- 
tigens to determine the true importance of antibody re- 
sponses to leukotoxin or specific structural antigens. 

Lyophilized cultures of P haemolytica can effectively 
enhance resistance of cattle to transthoracic challenge j 
exposure with the organism. The lyophilization procedure 
is critical for provision of adequate numbers of viable or- 
ganisms for immunization. The protective dose of the vac- 
cine given subcutaneously seems to be 1 x 10* to 5 x 
10 9 CFU. As with most vaccines, 2 immunizations seem 
to be better for inducing antibody production than 1 im- 
munization; however, protection of calves against P hae- 
molytica was not significantly better after 2 doses than 
after 1 dose of vaccine. 
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